This paper reports the development and initial testing of a similar system, using the same principles, applicable to human cells in culture. It is designed as a practical paper to introduce the method to would-be users, and in accord with this purpose, presentation of detailed results and discussion thereof has been kept to a bare minimum. * Commonwealth Academic Staff Fellow, Berhampur University, Orissa, India.
For several years, we have had available a system, applicable to exponentially growing asynchronous cultures of Syrian hamster cells, which allows us to subdivide S phase cells on the basis of their replication band patterns produced by bromodeoxyuridine (BrdU) incorporation. The method is not based upon generalised classification, but is objective, requiring the presence or absence of specific bands on particular autosomes. '2 In addition to the traditional analysis of the cell cycle, we can 'unscramble' S phase, and replace cells in correct chronological sequence and so monitor normal and experimental changes as a cell transits this compartment.34
We can also isolate, cytologically, a narrow cohort of cells at a precise developmental stage, thus facilitating valid qualitative and quantitative comparison between individuals and experimental treatments free of the background 'noise' inevitably present in time samples from an asynchronous population. [5] [6] [7] This paper reports the development and initial testing of a similar system, using the same principles, applicable to human cells in culture. It is designed as a practical paper to introduce the method to would-be users, and in accord with this purpose, presentation of detailed results and discussion thereof has been kept to a bare minimum.
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Received for publication 20 December 1983. Accepted for publication 6 January 1984. It is shown that a hamster type system is readily applicable to both fibroblasts and lymphocytes, and subdivision of S into five (key 1) or four (key 4) subphases is easily and repeatably achieved.
Principle of the method
If BrdU (10 to 20 ,ug/ml) is added to a culture of cells in exponential growth, all subsequent DNA synthesis will incorporate some brominated uridine as a substitute for thymine. Consequently, cells with chromosomes that were in the process of replication will arrive at metaphase with various mixtures of substituted (TB) and unsubstituted (TT) chromatin, the latter being the chromatin that had completed replication before the BrdU arrived. Careful staining by the Hoechst/light/Giemsa method 2 8 causes such chromosomes to display patterns of dark staining (TT) and light staining (TB) bands, the number and arrangement of which will depend upon where the cell was in its synthesis programme when BrdU was added.
If cultures are serially sampled at suitable intervals after addition of BrdU, the rise and fall in the fraction of such differentially stained metaphases (FDM) is very similar to the FLM obtained with a pulse of tritiated thymidine, and can be used in exactly the same way to estimate cell cycle parameters. 9 We now make two further assumptions.
(1 Most criteria concern the in-fill of defined gaps (-dark G bands). The first question in each step is positive, a 'yes' answer for either homologue being required. The 5q34 gap (y) can be difficult in cells with over-contracted chromosomes as the three dark R bands of region q3 tend to fuse. The proximal bands 2ql 1 are usually the first to appear in the long arm. KEY 4 This is based on criteria from chromosomes 3 Although all autosomes within a cell tend to keep in step (assumption 2), an element of independency does lead to slight differences in the time of band appearance between homologues.14 This is not because one homologue is always in advance of the other since individual bands within the pair may differ in opposite directions. For a fuller discussion see Savage et al.7 Such disparity, which usually amounts to only a few percent of pairs examined, can lead to difficulties in cell classification when it concerns the specific key bands. For this reason it has become necessary to establish certain rules to ensure consistency between scorers. We have chosen the rule of the 'positive question': if the answer to the first question in each section of a key is unequivocally yes for either homologue, the answer is yes for that cell.
Thus, cell classification is ultimately based on one homologue, and this has a two-fold advantage. First, it is frequently the case that only one homologue is readily visible and analysable and, secondly, for many cell kinetic studies, a cell does not have to be complete to be usable.
THE TERMINATION OF S
The human eye is much better at discriminating dark objects than pale ones, and it would have been better to have built the keys using the appearance, with time, of specific, isolated dark bands. This has not proved possible in human cells. The three dark bands tested (4q21, 4q25 to 27, 3q31; fig 2) all have band appearance curves which are superimposable, so only one was usable. In general, the early replicating dark R bands of chromosomes 2 to 5 show less variation in time of appearance than the later replicating pale R bands (_ dark G bands). Consequently, in order to secure good spacing of appearance curves throughout S, most of the criteria are of the gap closure type (C, D; fig 1) .
As the chromosomes come to the very end of S, only very small scattered gaps are left, and these can easily be overlooked. The difficulty is exacerbated because the SSC treatment necessary to elicit the staining reaction tends to produce coils in post-S chromosomes giving them a banded appearance. Careful observation will indicate that this is a typical G band pattern, but it is not always obvious.
In practice, the paracentric heterochromatin of 1, 9, and 15p are the last obvious 'gaps' to disappear and can safely be used as termination criteria, even in the presence of incipient coiling.
A similar problem exists in Syrian hamsters, and we have investigated it using combined tritiatedthymidine pulse autoradiography and BrdU replication banding in the same cells and have shown that the differences between the posterior border of S determined from the FLM and FDM are quite small.9
Results HF19 FIBROBLASTS Fig 3 shows the 'band appearance' curves for the criteria used in the two keys. There are several ways to plot such data; here, the ordinate is the frequency of S cells in each time sample with a clear gap in at least one homologue. It will be seen that the curves are sigmoidal and quite steep (indicating that assumption 2 is being fulfilled) and well spaced out through S. Fig 4 shows border spacing or average time of band appearance differs), and these do not appear to be directly proportional to the differences in overall S duration recorded (the 'stretching' of S is non-elastic). The samples are too few as yet to investigate this phenomenon more fully.
CIRCULATING BLOOD LYMPHOCYTES
Two cultures of normal blood lymphocytes (one from a 52 year old male, the other from a 23 year old female) have been tested, the BrdU (10 Vg/ml) being added about 46 hours after stimulation followed by 2 hour serial samples. Fig 6 shows that average S duration was shorter than in fibroblasts so that subphase borders are closer in absolute time. Nevertheless, the order of all sub-phase borders from the use of keys 1 and 4 was identical to that obtained in fibroblasts. The border positions and relative subphase durations differed from fibroblasts, but not (key 1) or only marginally (key 4) between the two lymphocyte samples.
Discussion
Since this paper is primarily intended as a practical report, results have not been given in detail and therefore in-depth discussion must be deferred.
There have been many experimental investigations of replication in human cells using BrdU incorporation,8 [14] [15] [16] [17] [18] and although most have attempted to determine the order of band replication within individual chromosomes, few have attempted to subdivide S to obtain estimates of the relative times of replication of bands or durations of the chronological steps suggested. Recently, Camargo and Cervenka13 used a five-fold subdivision in lymphocytes following release from a methotrexate block. The perturbed, semi-synchronous nature of this population, and the subjective subdivision criteria used, preclude direct quantitative comparison with our subdivisions.
The tests reported here on both normal and chromosomally abnormal cells show a consistent order of appearance of the key bands (and hence of the sub-phases) as cells transit S, and this is an encouraging indicator that the system will prove as usable and versatile as it has in hamsters.
The variations of average sub-phase durations (and relative border positions) between samples is larger than we have experienced in the hamster. In part, this may reflect the much greater genetic diversity which exists between humans compared with inbred laboratory rodents. However, the number of samples examined so far is small, and two at least were chromosomally abnormal. If the variation, however, proves to be really large and independent of the vagaries of culture conditions (a factor not yet investigated), this may limit the usefulness of the scheme for comparative purposes, in particular the investigation, perhaps even diagnosis, of certain abnormal syndromes.
It must be recognised that the subdivision we employ is utilitarian and arbitrary in the sense that it is not consciously related to any cellularly controlled programme of replication. We note, as many others have, 8 
